raphies, the enzyme fractions were treated with endodextranase, then subjected to preparative polyacrylamide gel electrophoresis.
The purified dextransucrase from each strain had a dimeric structure of molecular weight 130,000 -133,000. Alkaline treatment (pH 10.5) dissociated these dimer forms into the respective monomer forms having molecular weight of 64,000~68,000. The two enzymes were closely similar to each other in optimumconditions and thermal and pH stabilities.
The purified B-1416 enzyme was activated 4.35-fold by the addition of exogenous dextran (0.5%), while the B-1375 enzyme was activated 2.76-fold. In the absence of exogenous dextran, both enzymes gave 5~10 min lag periods for reaction, which were abolished by the clinical has been attained. The latter two strains gave at least two types of dextransucrases, which produced dextrans having different structures.7>8) Since our preceding paper described the heterogeneity of dextransucrases from six strains of L. mesenteroides^we now report the purification of enzymes from two representative strains, L. mesenteroides NRRL B-1416 and B-1375.
MATERIALS AND METHODS

Materials.
Dextransucrases were isolated from Leuconostoc mesenteroides NRRLB-1416 and B-1375 as described in our preceding paper.4>10) AminopropylSepharose 4B was prepared according to the method of Shaltiel and Er-El.U)
Analytical methods. Assays of reducing sugar and total sugar were done as described previously.4) Protein was measured with fluorescamine reagent as described in our previous paper.12) Enzymes were assayed in the presence of 0.5% clinical dextran unless otherwise stated9} Their activity was represented in two different ways. The sucrase activity (reducing sugar production) was determined by the Nelson-Somogyi method.4) The transferase activity (dextran production) was determined by the phenolsulfuric acid method4) for the total sugar (dextran), which was precipitated with 67% ethanol followed by the repeated precipitation to remove the low-molecular weight sugars.
Purification of dextransucrases. To the culture supernatant adjusted to pH 5.2 with 1m NaOHwas added ethanol to give 36%(v/v) concentration. The precipitate was dissolved in 10mM phosphate buffer (pH 6.0) and adsorbed on hydroxyapatite gel. The enzyme was extracted from the gel with 0.5m phosphate buffer (pH 6.0) and dialyzed overnight against water.9) The dextransucrase activity from B-1416 was then applied to a DEAE-cellulose column (2.5 x 8cm), previously equilibrated with 10mMphosphate buffer (pH 6.0). Activity was eluted with 0.4m NaCl, while most of the contami-nating dextran was eluted at the breakthrough and 0.1 m NaCl fractions. The fractions with enzyme activity were concentrated and dialyzed with a collodion bag. The dialyzate was applied to an aminopropyl-Sepharose column (2 x 10cm) equilibrated with 10mMphosphate buffer (pH 6.0) . The enzyme activity, eluted with 0.1 m NaCl, was concentrated and dialyzed as described above. This preparation was stored at -20°C before the dextranase digestion.
For B-1375 dextransucrase, the enzyme from the hydroxyapatite step was subjected to gel-filtration on a Sepharose 6B column (3.2 x 80cm), which was eluted with 0.02% sodium-azide. The activity eluted at the void volume fraction was concentrated and subjected to DEAEcellulose column chromatography as described above. Ourprevious paper demonstrated the occurrence of multiple forms of dextransucrase from six strains of L. mesenteroides.9) Since significant differences in the course of dextran synthesis were observed between the B-1416 (sigmoidal) and B-1375 (linear) enzymes,9) dextransucrases from these two strains were purified. The B-1416 enzyme was sufficiently purified by column chromatographies and preparative PAGE, including dissociation of enzymes by the endodextranase digestion. The enzyme from the aminopropyl-Sepharose column(step 5) was treated with dextranase and subjected to PAGEwith 5.0% gels. As shown in Fig. la , the enzyme from B-1416 strain without dextranase treatment gave three major activity peaks at Rm (0.32), (0.21), and the top of the separation gel. However, the endodextranase digestion dissociated the enzyme aggregates into the component with Rm 0.42 (Fig. lb) . The disaggregated form of the enzyme (Rm 0.47) from the B-1375 strain was isolated by PAGE with 3.0% gels. During the dextranase digestion, the dextransucrase activity was sufficiently stabilized by the addition of 0.1% BSAand 32% glycerol. However, the determination of the specific activity and the examination of the purity of the enzymewere conducted without BSA. Table I summarizes the purification of dex- The ratio of carbohydrate to protein was 0.50 for the B-1416 and 0.64 for the B-1375 enzyme.
Purity of the dextransucrase
The purified enzymes gave a single enzyme activity and protein band on PAGEin 5.0% gels (Fig. 2a, b) . The Rm values were 0.42 and 0.37 for the B-1416 and B-1375 enzymes, respectively. These purified enzymes gave one major protein band of Rm0.16~0.17 and a minor band of Rm0.34 upon SDS-PAGEin 7.5% gels (Fig. 2c inset, left and center). Since the pH 10 treatment was reported to be effective for the cleavage of the ester linkage of the fructosyl-enzyme intermediate of levansucrase,14) this procedure was used on the dextransucrase. We have already demonstrated that this treatment at alkaline pH dissociated the high-molecular weight component of B-512F enzyme, which might aggregate through the dextran molecule or its smaller fragments, into components having much higher Rmvalues.12) As shown in Fig. 2c (inset right lane),
the Rm(0.17) component almost disappeared while the Rm (0.34) component remained at the same position after the treatment with 50mM sodium-borate buffer (pH 10.5) for 30min at 30°C. The molecular weights of lower and higher mobility forms were 130,000 and 68,000, respectively (Fig. 2c) . The latter value was almost identical with that of the protomer form of dextransucrase from L. mes- enteroides NRRLB-512F.4'12) Therefore, the highly purified dextransucrases from both B-1416 and B-1375 strains were the dimer form, which were further dissociated into monomer forms by the alkaline treatment before SDS-PAGE.
Multiplicity of the dextransucrases
Dissociation of the dextransucrase aggregate by either endo-dextranase degestion (Fig. 1 ) or alkaline treatment (Fig. 2c ) indicated that dextran molecules might participate in the aggregate formation of enzymes.
The relationship between log [Rmx10/ vs. degree of association of enzyme12) was linear, indicating oligomeric forms (Fig. lc) , where the standard BSAgave linear plots for monomerto trimer forms. Because the Rm(0.42) component was shown to be a dimer form by SDS-PAGE (Fig. 2c) , the components with Rm (0.32) and (0.21) corresponded to trimer and tetramer forms, respectively. To detect the activity of the monomer form, the B-1416 enzyme from step 5 (aminopropyl-Sepharose) was treated with the dextranase and subjected to PAGEin 5.0% gel containing 0.1% clinical dextran (Fig.  Id) .
Besides the three peaks of lower Rmvalues (Fig. lc) . The slower mobility of enzymes in 0.1% dextran gel was caused by the interaction between enzyme and dextran, and rather higher Rmvalue of (0.70) component might be attributable to some intrinsic behavior of dextran-free monomersuch as the difference in the conformation between the monomer and aggregated forms. The molecular weight of the B-1416 enzyme (step 5) was estimated by the Hedrick-Smith method after the dextranase digestion, which gave a value of 133,000 (Fig. 3a and c) . In the case of the B-1375 enzyme (step 6), two activity peaks corresponding to the monomer (64,000) and dimer (130,000) were obtained ( Fig. 3b and c) . The molecular weights of the two dextransucrases were compatible with those values obtained by SDS-PAGE as described above (Fig. 2c) . Since the monomer activity was much smaller than that of the dimer, subsequent studies were carried out with the dimer forms of both strains. The enzyme solution containing 0.1% BSA was stable at 4°C for 24hrin the pH range 5.2~8.5.
However, rapid inactivation was observed at acidic pH below 5.0. The thermal stability of the B-1416 enzyme was up to 40°C and somewhat higher than of B-1375 enzyme (35°C). Addition of dextran to the enzyme caused no significant change of the optimum conditions and stabilities. These characteristics of both B-1416 and B-1375 dextransucrases were similar to those of the enzymes from L. mesenteroides NRRL B-12992' 3) and B-512F strains. 4) Activation of dextransucrases subsequent preparative PAGE.
Our preceding paper has indicated a strong sigmoidal course of dextran synthesis for the partially purified B-1416 dextransucrase ( kages, has demonstrated that GTF-Sactivity was independent of exogenous dextran T-10.15) In contrast, the purified glucosyltransferase SGE(polymerizing the glucosyl moiety of sucrose to produce soluble glucan) from S. mutans E49 was reported to be dependent on exogenous dextran T-10.16) Our present results indicated that both dextransucrases from L. mesenteroides B-1416 and B-1375 were dependent on exogenous dextran and gave a significant lag-period in the absence of clinical dextran (Fig. 4) . It is interesting that the transferase (glucan producing) activity of B-1416 and B-1375 enzymes were stimulated 6-8-fold and 5-7-fold by 0.5% clinical dextran, respectively.17) The extent of activation determined for the sucrase activity (Table I) was less than half of the value for the transferase activity. The assay of transferase activity also enabled us to detect the sigmoidal course of dextran synthesis using rather crude enzyme preparations, containing up to 0.8 mg of endogenous dextran, from the B-1416 and B-1375 strains.10) Therefore, we may conclude that comparison of sucrase and transferase activities of dextransucrase is very important to elucidate the effects of primer (acceptor) dextran.
